Objectives: To describe the characteristics, treatment, and outcomes of active infective endocarditis (IE) in Europe. Design: Prospective survey of medical practices in Europe. Setting: 92 centres from 25 countries. Patients: The EHS (Euro heart survey) on valvar heart disease (VHD) enrolled 5001 adult patients between April and July 2001. Of those, 159 had active IE. Results: 118 patients (74%) had native IE and 41 (26%) had prosthetic IE. Mean (SD) age was 57 (16) years. Blood cultures were obtained for 113 patients (71%) before antibiotic treatment was started. Surgery was performed in 52% of patients. Reasons for surgery were heart failure in 60%, persistent sepsis in 40%, vegetation size in 48%, or embolism in 18%. Surgery was for implantation of mechanical prosthesis in 63%, bioprosthesis in 21%, aortic homograft in 5%, and valve repair in 11%. In-hospital mortality was 12.6%, being 10.4% in the medical group and 15.6% in the surgical group. Among the total population of 5001 patients, only 50% of those with native VHD had been educated on endocarditis prophylaxis and only 33% regularly attended dental follow up. Of patients with IE who had had a procedure at risk during the preceding year only 50% had received adequate prophylaxis. Conclusions: The EHS on VHD shows that patients with active IE have a high risk profile and often undergo surgery. However, there are deficiencies in obtaining blood cultures and applying prophylaxis. Mortality remains high, which is a justification for the improvement of patient management through education and the implementation of guidelines.
D uring recent years several changes have occurred in the clinical and microbiological presentation of active infective endocarditis (IE) and its management. [1] [2] [3] [4] [5] Guidelines have been proposed in several European countries and in the USA. [6] [7] [8] However, little information is available on the contemporary management of the disease and perhaps more important on the adequacy of evaluation and treatment under the current recommendations.
The EHS (Euro heart survey) programme was initiated by the European Society of Cardiology to provide quantitative information on cardiovascular diseases and their management patterns across Europe. 9 The purpose of the EHS on valvar heart disease (VHD) was to obtain information on current practices in patients with VHD. 10 This study aimed at analysing the data taken from the EHS on VHD on patients with active IE, paying special attention to clinical presentation, diagnostic procedures, treatment, and adherence to guidelines.
METHODS
The EHS on VHD was conducted from April to July 2001 in 92 centres across 25 countries and it enrolled prospectively 5001 adults with moderate or severe native valve disease according to transthoracic echocardiography, with probable or definite IE according to the Duke University criteria, or who had had previous valve intervention. Participating clusters, duration of the survey, criteria for patient selection, and data collection on the EHS on VHD have been described previously. 10 Case report forms comprised details on diagnostic and treatment modalities. Attending physicians were interviewed for decisions regarding the choice of management and treatment.
The population of the present study comprised hospitalised patients who were considered by the attending physicians to have active IE. Active IE was defined as any episode of definite endocarditis according to the Duke criteria requiring antibiotic treatment during the index hospitalisation. Early prosthetic endocarditis was defined as endocarditis occurring in the first two months after valve surgery and late prosthetic valve endocarditis as endocarditis occurring after this time. Heart failure was defined as the presence of any sign of heart failure during hospitalisation.
Northern, 2.8% in Western, 3.4% in Eastern, and 2.9% in Mediterranean Europe (p = 0.34). IE occurred on native valves in 118 patients (74%) and on prosthetic valves in 41 patients (26%).
Of the 92 centres, 23 had patients with IE. During this four month period, the number of patients with IE varied between 1-15 in each centre: three centres had . 10 patients, nine centres had 5-9 patients, and 11 centres had , 5 patients with IE.
Among patients with native IE, affected valves were aortic in 56, mitral in 35, multiple in 15, and tricuspid in four. The site was not stated in eight cases of IE, of which four were associated with pacemaker endocarditis. Among the cases of prosthetic endocarditis, three were early IE and 38 were late IE. Mean (SD) age was 56 (17) years among patients with native IE and 61 (13) in prosthetic IE. The percentage of patients older than 70 years was 26% overall: 22% in native IE and 36% in prosthetic IE. One hundred and eleven patients (70%) were men. Ninety four patients were aware of having VHD before the diagnosis of endocarditis-that is, 53 of the 118 patients (45%) with native VHD and all 41 patients with prosthetic IE.
Clinical characteristics

Portal of entry
A portal of entry was identifiable in 48% of the patients with native IE and in 41% of the patients with prosthetic IE. In native IE the portal of entry was considered dental in 17%, digestive in 9%, genitourinary in 2%, cutaneous in 8%, iatrogenic in 5%, and other in 7%. In prosthetic IE the portal of entry was considered to be dental in 3%, digestive in 5%, genitourinary in 11%, cutaneous in 3%, iatrogenic in 14%, and other in 5%. Drug addiction was reported in eight patients (5%). Table 1 shows clinical characteristics. Most patients (87%) had fever. Heart failure was present on admission or developed during hospitalisation in 58%. Twenty seven per cent had an embolic episode (31% with native IE and 17% with prosthetic IE). Location of embolism was, either singly or in combination, cerebral in 24 patients, abdominal in two, pulmonary in six, and other in nine.
Clinical presentation
Investigations
Blood cultures were obtained before antibiotics were started in 113 patients (71%). Table 2 shows the results of the microbiological examinations in patients with native and prosthetic IE. Transoesophageal echocardiography was used in 76% of both native and prosthetic IE. Abnormal echocardiographic findings, defined as vegetation, abscess, perforation, or prosthetic dysfunction, were observed in 82% of native IE cases and in 70% of prosthetic IE. When considering also the presence of a regurgitation grade > 2/4, the proportions of abnormal transoesophageal echocardiography were 95% for native valves and 96% for prostheses. The reasons for transoesophageal echocardiography were, either singly or in combination, diagnosis of IE in 40%, evaluation of IE in 48%, evaluation of IE when transthoracic echocardiography provided suboptimal data in 52%, evaluation of the mechanism of prosthetic dysfunction in 15%, systematic in 13%, after an embolic event in 8%, and other reasons in 2% of patients.
Other examinations performed to search for embolism were brain computed tomography in 24%, abdominal computed tomography in 14%, abdominal echocardiography in 45%, and arteriography in 4% of patients.
Treatment
Antibiotic treatment was given to 97% of patients. One hundred per cent of patients with prosthetic IE and 95% with native IE received intravenous treatment. Two or more antibiotics were administered to 88% of the patients. Only five patients with native IE were treated orally. Mean duration of antibiotic treatment was 30 days and 25% of the patients were treated for more than 45 days.
Of the 159 patients with IE, 82 (52%) underwent surgery: 62 patients with native IE (53%) and 20 patients with prosthetic IE (49%). Surgery was performed in 61% of patients with native aortic IE, 31% with mitral IE, 80% with multiple valve IE, and 49% with prosthetic IE.
Surgery was performed within the first 24 hours in 12.5%, during the initial hospitalisation in 75%, and electively in 12.5%. Table 3 lists the reasons for surgery in both native and prosthetic valve IE. Most patients had more than one reason for surgical intervention. Vegetation size was the only indication for surgery in 6% of patients.
Patients who were treated medically were significantly older and had more co-morbidity than those who were treated surgically. On the other hand, there was a trend towards a higher incidence of New York Heart Association (NYHA) class IV and congestive heart failure among patients who underwent surgery (table 4) .
Of the 45 patients who underwent surgery for left sided single valve IE, surgical techniques were valve replacement with a mechanical prosthesis in 63% and a bioprosthesis in 21%, homografts in 5%, and valve repair in 11% (table 5) . Among the 20 patients whose aortic valve was replaced with a mechanical prosthesis for native aortic IE, the most frequent reasons for using a mechanical prosthesis were, either singly or in combination, young age in 90%, physician's preference in 75%, other indication for treatment with an anticoagulant in 15%, and renal failure in 10%. Homograft unavailability was considered the reason for using a bioprosthesis in only two patients (50%) of those receiving a bioprosthesis. In the remaining patients in whom bioprosthesis or mechanical valves were used the reasons for not using homografts were not given.
Of the patients who had heart failure complicated IE, 36% were not operated on during the active phase.
Outcome
At 30 days 20 patients had died, accounting for 12.6% of the whole series (table 6). The cause of death was haemodynamic in five patients, sepsis in six patients, neurological in one patient, postoperative in three patients, and other reasons in five patients. Mortality among the patients treated medically was 10.4% and 15.6% among the patients who underwent surgery (p = 0.42).
Prophylaxis
Information on endocarditis prophylaxis was obtained from the total population of 5001 patients with valve disease. Fifty per cent of the patients with native valve disease stated that they had received education on prophylaxis and 33% that they had regular follow up visits with a dentist. These figures were 70% and 47% for the patients who had previous conservative valve surgery, and 77% and 53% for patients with prosthetic valves.
Among the 159 patients who had IE, 94 had VHD previously diagnosed. Of them, 42 had undergone a procedure at risk in the year before endocarditis and only 21 (50%) had received antibiotic prophylaxis.
DISCUSSION
The EHS on VHD provides a unique opportunity both to analyse the current contemporary management and outcomes of IE in Europe and to assess the rationale for the management of IE. Even if the design of the EHS does not allow for a precise assessment of the prevalence of the disease, the present findings show that active endocarditis is not a common disease: patients with endocarditis account for only 3.2% of the total population in the EHS on VHD. These findings are consistent with the incidence of IE, which was estimated at only 31 cases per million adults in a recent French survey. 1 The clinical and microbiological presentation observed suggests that IE tends to be a particularly severe disease today. Patients with endocarditis are often elderly. 1-5 11 In the EHS, 26% of patients were older than 70 years. In the registry by Delahaye and colleagues, 5 33% of patients were older than 67 years. In the French surveys, the incidence of endocarditis increased between 1991 and 1999 among patients older than 50 years and peaked at 145 cases per million men between 70 and 80 years old. 1 The severity of the disease is also shown by the high incidence of native aortic and prosthetic valve endocarditis. The decreasing proportion of infections with Streptococcus viridans and the increasing proportions of Staphylococcus aureus and enterococcal disease are consistent with recent recently published data. 1 12 Lastly, of the 118 patients with native valve IE, 45% were aware of having VHD, which is consistent with rates of 51% and 53% in two other recent series. 1 5 All patients had had transthoracic echocardiography since this was mandatory for inclusion in the EHS on VHD. The use of transoesophageal echocardiography was 76% in the total series and the reasons given for its performance are in accordance with the guidelines. 6 However, in patients with prosthetic valves the use of transthoracic echocardiography should probably be higher. 13 In the recent French survey, 90% of the patients underwent both transthoracic and transoesophageal echocardiography, and 10% had only transthoracic echocardiography. 1 Radiological examination was not often used to search for embolic events. In particular, computed tomography was used for only a quarter of the patients. It has been shown that the systematic performance of computed tomography in IE may show asymptomatic embolic events in as many as 21% of the patients with IE. 14 This may have implications for indications for surgery but the impact of systematic radiological examinations in IE to search for embolism has not been studied so far.
In the present survey, most patients received intravenous antibiotics for one month or more. A disappointing finding was that as many as 29% of patients did not have blood cultures taken before antibiotics were started. A consistent observation was made in a previous registry in France, 5 where 58% of the patients who had known VHD and fever did not have blood cultures before antibiotic treatment. Another area of concern is the high incidence of negative blood cultures (14%).
Our study cannot answer whether this percentage reflects previous antibiotic use, endocarditis caused by microorganisms that require serological testing for diagnosis, or deficiencies in the microbiological examination. In recent large observational series, the proportion of negative blood cultures ranged from 9-14%. 1 2 4 The proportion of patients with negative blood cultures is likely to be higher in such a survey than in studies involving selected centres.
In the EHS, 52% of the patients underwent surgery, which was performed on an emergent or urgent basis in most patients. This is at least as high as in the most recent French survey (49%) and significantly higher than in previous studies. 1 The adequacy of indications for surgery with the guidelines should be evaluated with particular caution. When surgery was performed, indications were often in accordance with the current recommendations, heart failure being the most common, followed by persistent infection and embolism. [6] [7] [8] In patients with native IE, vegetation size was cited as an indication for surgery in 54% of the cases, which may seem particularly high because there is no consensus for such an indication. However, there often were multiple indications and vegetation size was the sole indication for surgery in only 6.5% of patients with native IE. Conversely, an unexpectedly high proportion of patients had at least transient congestive heart failure and were not operated on. Older age and comorbidity may partly explain the lack of surgical indication in these patients. Delahaye and colleagues 5 also often found an absence of indication for surgery despite the presence of heart failure.
The type of surgery performed was mainly valve replacement with either mechanical or biological prostheses. Although homograft is claimed to be the ideal valve substitute in aortic endocarditis complicated with abscess 15 16 its use was only 7%. This may reflect the small number of patients with aortic abscesses, the limited availability of homografts, or a limited adoption of this recommendation in real life. It is of interest to note that the physician's (or surgeon's) preference was the stated reason in up to 75% of the patients in whom a mechanical prosthesis was used as a valve substitute during IE. The valve was repaired in 28% of patients with native mitral IE, which is a relatively high figure for an international survey. Good results from valve repair have been reported in certain surgical series but the experience of mitral valve repair during the acute phase of IE is limited and its use is subject to debate. [17] [18] [19] The in-hospital mortality (12.6%) was high in this series. However, the fatality in EHS compares favourably with that of the most recent registry, 1 which found a 16.6% mortality. There was also an unusual trend towards a lower mortality among medically treated patients. These estimates should, however, be interpreted with caution given the limited number of patients. Although patients who underwent surgery were younger and had less co-morbidity, more of them were in NYHA class IV and had diagnosed congestive heart failure, which are both strong predictors of operative mortality in IE.
Even if the role of antibiotic prophylaxis in the prevention of endocarditis is subject to debate, the level of education on endocarditis prophylaxis found by the EHS is inadequate and current guidelines on prophylaxis are not being followed. 20 21 Only half of the patients with native valve disease claimed to be educated about prophylaxis and one third regularly attended dental follow up. These numbers were only slightly better among patients with prosthetic valves. Such unsatisfactory figures have also been found in other national registries. In a recent survey in Germany only 55% of patients with VHD knew about the need for dental prophylaxis, 22 and in the study by Delahaye and colleagues in France 5 eight of 11 patients with an iatrogenic portal of entry necessitating antibiotic prophylaxis did not receive it. This stresses that every effort is needed to improve the education of both patients with known valvar disease and their physicians.
However, an inherent limitation of the effectiveness of education is related to the high percentage of endocarditis occurring in patients without previously diagnosed heart disease.
Study limitations
Participating centres were not selected at random; therefore, a selection bias cannot be ruled out. Nevertheless, a wide range of both university and non-academic hospitals across a large number of countries participated. The number and the diversity of participating centres is a distinctive feature of the EHS. This may account for certain findings such as the high percentage of negative blood cultures and the low proportion of early prosthetic IE relative to series on IE, which usually originate from tertiary centres with a particular expertise. The fact that only four of the 25 centres accounted for one third of the present study population is a good illustration of the trend towards concentrating the treatment of IE in specialised centres. In accordance with the objectives of the EHS, these findings provide an insight on current practices in the ''real world''. This is of particular interest regarding IE as it is not a common disease and is not always managed by highly experienced teams.
The population of the present study reflects the management of patients who were considered by the attending physician to have endocarditis and this was consistent with the pragmatic evaluative approach of the EHS. The recommendation was to enrol patients with definite IE according to the Duke criteria but it was not possible to reclassify or exclude patients who would not have met criteria for definite IE, in particular as regards patients with negative blood cultures. In cases that may have not been classified as definite according to the Duke criteria, the diagnosis of IE may be based mainly on clinical judgment. The sensitivity of the Duke criteria has been evaluated at about 80% for definite IE; therefore, the absence of criteria for definite endocarditis does not firmly exclude the diagnosis of IE. 23 24 Lastly, the rather limited number of patients does not allow for accurate conclusions in some specific subgroups.
In summary, the EHS on VHD provides unique contemporary data on the presentation, management, and outcomes of active IE in Europe. The types of endocarditis reflect the changes towards severe forms of the disease in elderly patients, with frequent involvement of the aortic valve and a high frequency of staphylococcal and enterococcal infections. Surgery is often performed during active IE but it seems still to be underused in patients with heart failure. In most patients who undergo surgery valves are replaced by mechanical prostheses although new surgical techniques are beginning to be used. IE still carries a poor prognosis, even if the outcomes in EHS on VHD compare favourably with recent reports. Education on the use of prophylaxis with known valvar disease should be improved for both patients and physicians, as well as highlighting to physicians the need for performance of blood cultures before antibiotic treatment. Overall these findings reflect the fact that IE is still a disease with a poor prognosis that requires a continuing effort in the implementation of existing guidelines and education of the patients to improve outcome.
